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CHAPTER 1 
INTRODUCTION
1.1 Overview 
The use of light, thin and compact mechanical elements has recently become 
a global trend. The search for new, lightweight material with greater strength and 
toughness has led to the development of new generation of materials, although their 
properties may create major challenges during machining operations.  Having greater 
hardness and reinforcement strength, these materials are difficult to machine by the 
traditional methods. Although these materials can be machined conventionally, sub 
surface damages such as metallurgical alterations, work hardening, delamination and 
microcracks and others can occur under certain circumstances which cause a 
detrimental effect on the performance of the machined component. Since the cost of 
using conventional machining is generally prohibitive, non-conventional machining 
such as electric discharge machining (EDM) and laser machining probably amongst 
the ideal technique in dealing with these materials, which includes titanium alloys. 
Most titanium alloys and component design characteristics make them 
expensive to be machined and historically, titanium has been perceived as a material 
that is difficult to machine (Ezugwu and Wang, 1997; and Hong et al., 2001). Due to 
titanium's growing acceptance in many industries, along with the experience gained 
2by progressive fabricators, a broad base of titanium machining knowledge is now 
exist. It was reported that commercially pure grades of titanium [ASTM B, Grades 
1,2,3,4] can be machined much easier than aircraft alloys [i.e. ASTM B, Grade 5 : Ti 
6Al 4V] (ASM International, 1988). 
Although titanium alloys is tough it can experienced sub-surface damaged 
during machining operations. Damage appears in the form of microcracks, built up 
edge, plastic deformation, heat affected zones and tensile residual stresses (Sharif,
1999; and Hong et al., 2001). In service, these can lead to degraded fatigue strength 
and stress concentration.  
Non-traditional machining of metal removal such as EDM expected to be 
used extensively years to come, because it’s favorable results. It is particularly useful 
for rapid removal of metal of free form surface or complex shaped parts, thin 
sections, and from large areas down to shallow depths. This process has less 
damaging effect on the mechanical properties of the metal. 
1.2 Background of Research 
EDM is a non-traditional process that is used to remove metal through the 
action of an electrical discharge of short duration and high current intensity between 
the tool (electrode) and the workpiece. There are no physical cutting forces between 
the tool and the workpiece. This process is finding an increasing demand owing to its 
ability to produce geometrical complex shapes as well as its ability to machine hard 
materials that are extremely difficult to machine when using conventional process. 
EDM has proved valuable especially in the machining of super tough, hard and 
electrically conductive materials such as the new space age alloys (Lee and Li, 
2001).  Although EDM machining technology is widely used in mechanical 
3components manufacturing, its low efficiency and poor surface quality have been the 
key problems restricting its development.  
Numerous research studies (Wong et al., 1998, Tzeng and Lee, 2001, and 
Zhao et al., 2002) showed that powder mixed dielectric electrical discharge 
machining (PMD-EDM) process can distinctly improve the surface roughness, 
material removal rate and decrease tool (electrode) wear.  PMD-EDM employs 
powder particles which are mixed in the dielectric fluid and it has a different 
machining mechanism when compared to conventional EDM machining.  Many 
studies have applied this process in several kind of materials, but little work has been 
carry out to study PMD-EDM on titanium alloys.  In the previous study, the process 
was carried using a copper electrode which was designed as a rotational diskette for 
machining Ti 6Al 4V(Chow et al., 2000).  In the same year, a combination of EDM-
USM (ultrasonic machining) for cutting Ti 6Al 4V was done by Lin et al. (2000).  
One of the above methods were used hole making operations (EDM-USM).  
From the above description it was found that comprehensive study on the 
effect of machining conditions on Ti-6246 using EDM was not reported so far.  New 
machining data on EDM of Ti-6246 served a great significance and could be further 
exploited especially for hole making operation.  Further research on PMD-EDM 
machining mechanism and its machining effect on this kind of material will ensure 
better machining efficiency.  This project is undertaken to study the effect of 
machining conditions when PMD-EDM of Ti-6246 during the hole making 
operation.
1.3 Research Statement 
Electrical discharge machining of materials with added powder in dielectric 
fluid will lead to improvement in machining characteristics. 
41.4 Problem Statement 
a. Does the performance of SiC powder in dielectric fluid deliver better results 
in terms of surface integrity of titanium alloys (Ti-6246), mateial removal 
rate and electrode wear rate. 
b. Does PMD-EDM of Ti-6246 contribute to new machining characteristics. 
1.5 Objective
a. To study the machinability of Ti 6246 using copper tungsten electrode during 
the PMD-EDM process 
b. To study the effect of machining parameter on the surface integrity 
c. To establish mathematical models for some of the dependent variables by 
using RSM in a specific range of parameter 
d. To optimize the machining parameters in order to increase the PMD-EDM 
performance 
1.6 Scope
a. The material used in this study is  Ti 6Al 2Sn 4Zr 6Mo (Ti-6246) 
b. Charmilles Roboform 100 EDM die sinking machine was used for 
experiment 
c. Copper tungsten (CuW) was used as the electrode 
d. Silicon carbide (SiC) powder of 130 nm grain size was used as the assisted 
powder
5e. The machining responses that were investigated are material removal rate 
(MRR), surface roughness (SR), electrode wear rate (EWR), dimensional 
accuracy (hole diameter) and subsurface defect which include heat affective 
zone (HAZ) 
f. Experimental studies on EDM of Ti-6246 were carried out to determines the 
significant parameters effecting five responses for PMD-EDM process 
